Abstract--
INTRODUCTION
Gastrin-releasing peptide (GRP), a 27-amino acid neuropeptide, is a mammalian homolog of the amphibian tetradecapeptide bombesin (1). The carboxy terminal 14-amino aeid residues of mammalian GRP are very similar to amphibian bombesin, particularly the terminal heptapeptide which appears to be the biologically active region of the molecule that is critical for binding to receptors (2). Bombesin/GRP bas been detected in mammalian brain (3) and also in peripheral nerve cells of the gut (4), where it is known to stimulate the release of gastrin from G cells in the gastric mucosa in dogs and humans. In addition, bombesin/GRP has been detected in the pulmonary endocrine cells of normal bronchial epithelium (5), as well as in lung carcinoid tumors (6, 7) and human small-cell lung cancer (SCLC) (8, 9, 10) .
Under certain circumstances, GRP can stimulate the growth of human SCLC cell lines (11, 12), normal human bronchial epithelial cells (13), and mouse Swiss 3T3 cells (14), where its growth-promoting properties appear to be mediated by a cell-surface receptor (15). GRP is both synthesized and secreted by some SCLC cell lines and can also stimulate cell growth, indicating this neuropeptide may function as an autocrine growth factor that contributes to the transformed growth properties of SCLC (12).
cDNA clones encoding GRP have recently been obtained from human pulmonary carcinoid (16) and SCLC cDNA libraries (17). Analysis of these clones revealed a pre-pro GRP translation product consisting of a signal sequence, the predicted 27-amino acid GRP neuropeptide, and a novel GRP-associated peptide representing the carboxy portion of the translational reading frame encoding GRP (16, 17) . Two types of pre-pro GRP cDNA clones were observed in pulmonary carcinoid tissue, which differ only in the GRP-associated peptide coding region (18). In addition to these two forms, a third version of pre-pro GRP cDNA, also differing in the GRP-associated peptide coding region, was observed in SCLC cDNA clones (17).
Comparison of the sequence of these cDNA clones with a genomic clone containing the human pre-pro GRP gcne shows that the three forms of pre-pro GRP transcripts are synthesized from a single gene into a primary transcript which is alternatively processed at two splice donor and two splice acceptor sites (17). At least four peptide hormones (GRP and the three differing GRP-associated peptides) could be generated from a single human GRP gene by alternative RNA splicing and posttranslational processing.
Naylor et al. (20) localized the human GRP gene to chromosome 18 using restriction fragment mapping to genomic DNA from somatic cell hybrids. In this paper, we corroborate this observation by localizing the human pre-pro GRP gene to chromosome 18 by analyzing a panel of 48 rodent-human somatic cell hybrid lines in genomic DNA blotting experiments. In situ chromosomal hybridization confirms localization to chromosome 18, and further maps the GRP gene to 18q21.
MATERIALS AND METHODS
the supplier. Digested DNA samples were size fractionated on 0.7% agarose gels and transferred to nylon membranes. Hybridization was performed in 40% formamide, 0.75 M NaC1, 0.075 M Na citrate, 20 mM Tris, pli 7.5, 20 #g/ml herring sperm DNA, 1 x Denhardt's, and 10% dextran sulfate, for 16 h at 42~ The probe was a 0.9-kb near-full-length GRP cDNA fragment prepared from a pBR322 subclone (17) and labeled by nick translation to a specific activity of about 2 x 108 cpm 32p/#g. Blots were washed at room temperature in 2x SSC, 0.1% SDS, and finally in 0.1 • SSC, 0.1% SDS at 55~ The washed blots were exposed to Kodak XAR-5 film for three to seven days at -70~ using Dupont Cronex intensifying screens.
In Situ Hybridization to Chromosomes. A pBR322-derived plasmid containing a 0.9-kb GRP cDNA fragment cloned into the EcoRI site was nick-translated with [3H]dNTPs to a specific activity >1 • 107 cpm/gg and used for in situ hybridizations. Conditions for hybridization, washing, and autoradiography of chromosome spreads are essentially those of Harper and Saunders (22), as modified by Kirsch et al. (23) , with additional modifications at the time of probe application to the slides as described by Zabel et al. (24) .
Hybrid Cell Lines.
A panel of somatic cell hybrid cell lines was generated by polyethylene glycol fusion of human fibroblast cell lines and either mouse or hamster fibroblast cell lines. The human chromosomes present in each bybrid cell line were determined from analysis of isoenzyme markers previously assigned to each human chromosome (19) .
DNA Isolation, Restriction Endonuclease Digestion, and Southern Blotting Hybridization. Genomic DNA samples were prepared from cell lines according to the procedure of Polsky et al. (21) . Restriction enzyme digestions were carried out using BamHI (mouse human hybrids) and HindII] (hamster human hybrids) as recommended by
RESULTS
Previous genomic blotting experiments showed that the human GRP r probe hybridizes to three HindIII fragments [11.0 kb (weakly), 4.6 kb, and 2.9 kb (17)] and to three BamHI fragments [14.5 kb, 11.0 kb, and 2.7 kb (Lebacq-Verheyden, unpublished)] in human genomic DNA. Preliminary cross-species Southern blotting experiments using mouse DNA showed two hybridizing BamHi fragments (8.3 kb and 6.0 kb). Similar experiments performed with hamster genomic DNA identified two HindIII fragments (4.2 kb and 1.0 kb) hybridizing to the human GRP cDNA probe. Thus, species-
